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Description 

METHOD FOR FABRICATING 
ASYMMETRIC INNER STRUCTURE IN 
CONTACTS OR TRENCHES 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The present invention relates to a semiconductor fabrica- 
tion processes. More particularly, the present invention 
relates to a method for fabricating asymmetric inner 
structure in contacts or trenches. 

[0003] 2. Description of the Prior Art 

[0004] | n t he fabrication of semiconductor devices, trenches, via 
or contact holes are always needed to provide electrical 
paths for devices situated in different levels of an inte- 
grated circuit chip or for isolation purposes. For example, 
shallow trenches are formed in the substrate in the front- 
end process. Dielectric materials are then deposited to fill 
the trenches such that the devices are isolated with the 


trenches. This is also known in the art as shallow trench 
isolation (STI) process. Via or contact holes are typically 
formed in inter-layer dielectric films as parts of the inter- 
connections. 

[0005] Sometimes, the trenches or via/contact holes with an 

asymmetric inner structure on their bottom and sidewalls 
are needed. However, the prior art method for making 
such asymmetric structure in the trenches or via/contact 
holes is complex and not reliable. According to the prior 
art method, to form such asymmetric structure in the 
trenches or via/contact holes, a photoresist layer is coated 
on the substrate to mask a part of the trench or contact 
opening, then a thermal or etching process is carried out, 
followed by removal of the photoresist. The process win- 
dow of the prior art photolithographic method is quite 
small for contact holes with a small critical dimension, 

and misalignment happens from time to time. 
Summary of Invention 

[0006] Accordingly, the primary object of the present invention is 
to provide a semiconductor fabrication process for mak- 
ing asymmetric structure in trenches or contact holes 
without the need of using photoresist or lithographic pro- 
cess. 


[0007] According to the claimed invention, a method for making 
an asymmetric interior structure in a trench or contact 
hole of a substrate layer is provided. At least one trench 
or contact hole is formed in a substrate layer. The trench 
or contact opening comprises a first sidewall, second 
sidewall, and a bottom. A first dielectric layer is formed on 
the first sidewall, the second sidewall, and the bottom. A 
title angle ion implantation process is then carried out to 
dope ions into the first dielectric layer on the first sidewall 
and on the bottom, but not dope ions into the first dielec- 
tric layer on the second sidewall, thereby resulting in 
etching selectivity between the doped first dielectric layer 
on the first sidewall and on the bottom, and the non- 
doped first dielectric layer on the second sidewall. The 
doped first dielectric layer on the first sidewall and on the 
bottom is selectively etching away, thereby forming an 
asymmetric interior structure in the trench or contact 
hole. 

[0008] other objects, advantages, and novel features of the 

claimed invention will become more clearly and readily 

apparent from the following detailed description when 

taken in conjunction with the accompanying drawings. 
Brief Description of Drawings 


[0009] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. In the drawings 

[0010] pig.l depicts four trench or via/contact holestructures 
(structures I, II, III, and IV) with an asymmetric interior in 
accordance with the preferred embodiments of the 
present invention; 

[0011] pig. 2 to Fig. 5 are schematic cross-sectional diagrams il- 
lustrating the preferred embodiment of making the struc- 
ture I according to the present invention; 

[0012] pig. 6 to Fig. 12 are schematic cross-sectional diagrams il- 
lustrating the preferred embodiment of making the struc- 
ture II according to the present invention; 

[0013] Fig. 10 to Fig. 12 are schematic cross-sectional diagrams 
illustrating the preferred embodiment of making the 
structure III according to the present invention, wherein 
the cross section as set forth in Fig. 10 is the structure I; 
and 

[0014] Fig. 13 to Fig. 15 are schematic cross-sectional diagrams 
illustrating the preferred embodiment of making the 


structure IV according to the present invention, wherein 

the cross section as set forth in Fig. 13 is the structure II. 
Detailed Description 

[0015] please refer to Fig.l. Fig.l depicts four trench or via/ 

contact holestructures (structures I, II, III, and IV) with an 
asymmetric interior in accordance with the preferred em- 
bodiments of the present invention. As shown in Fig.l, the 
structure I comprises a substrate layer 10 having a trench 
100 therein. The substrate layer 10 may be a semicon- 
ductor substrate or silicon substrate, but not limited 
thereto. The trench 100 has a bottom 13 and sidewalls 11 
and 12. A silicon dioxide layer 20 is formed on the side- 
wall 12. The sidewall 11 and the bottom 13 are bare sili- 
con surfaces. The structure II comprises a substrate layer 
10 with a trench 100 thereon. Likewise, the trench 100 
has a bottom 13 and sidewalls 11 and 12. An RTN (rapid 
thermal nitridation) silicon nitride layer 40 is formed on 
the sidewall 12. The sidewall 11 and the bottom 13 are 
bare silicon surfaces. The structure III comprises an RTN 
silicon nitride layer 40 lying on the sidewall 11 and the 
bottom 13 of the trench 100, but not on the sidewall 12, 
thereby forming an asymmetric interior structure. The 
structure IV comprises an RTO (rapid thermal oxidation) 


silicon oxide layer 50 on the sidewall 11 and the bottom 
13, but not on the sidewall 12. 

[0016] The method for making the above-described four trench 
or via/contact holestructures (structures I, II, III, and IV) 
with asymmetric interiors in accordance with the preferred 
embodiments of the present invention will now be dis- 
cussed in detail through Fig. 2 to Fig. 15. 

[OO 17 ] Structure I 

[0018] please refer to Fig. 2 to Fig. 5. Fig. 2 to Fig. 5 are schematic 
cross-sectional diagrams illustrating the preferred em- 
bodiment of making the structure I according to the 
present invention. As shown in Fig. 2, a recess or a trench 
100 is provided in a semiconductor layer 10 such as a sili- 
con substrate. The trench 100 has sidewall 11, sidewall 
12, and bottom 13. The formation of the trench 100 may 
be completed using conventional STI processes. In the STI 
processes, a pad layer 15 serves as an etching mask and a 
conventional reactive ion etching (RIE) is performed. 

[0019] As shown in Fig. 3, an oxidation process is then carried 
out to thermally grow a silicon oxide layer 20 over the 
sidewall 11, the sidewall 12, and the bottom 13 of the 
trench 100. 

[0020] As shown in Fig. 4, a title angle ion implantation process is 


carried out to dope ions such as boron or phosphorus into 
the silicon dioxide layer 20 on the sidewall 11 and the 
bottom 13, but not on the silicon dioxide layer 20 on the 
sidewall 12. This doping step results in an etching selec- 
tivity between the doped silicon dioxide layer 20 on the 
sidewall 11 and the bottom 13 and the doped silicon 
dioxide layer 20 on the sidewall 12. As shown in Fig. 5, the 
doped silicon dioxide layer 20 on the sidewall 11 and the 
bottom 13 is etched away selective to the non-doped sili- 
con dioxide layer 20 on the sidewall 12, thereby forming 
the structure I. 
[oo 21 ] Structure II 

[0022] please refer to Fig. 6 to Fig. 12. Fig. 6 to Fig. 12 are 

schematic cross-sectional diagrams illustrating the pre- 
ferred embodiment of making the structure II according to 
the present invention. As shown in Fig. 6, likewise, a re- 
cess or a trench 100 is provided in a semiconductor layer 
10 such as a silicon substrate. The trench 100 has side- 
wall 11, sidewall 12, and bottom 13. The formation of the 
trench 100 may be completed using conventional STI pro- 
cesses. In the STI processes, a pad layer 15 serves as an 
etching mask and a conventional reactive ion etching (RIE) 
is performed. 


[0023] As shown in Fig. 7, a chemical vapor deposition (CVD) pro- 
cess is then carried out to deposit a silicon nitride layer 30 
over the sidewall 11, the sidewall 12, and the bottom 13 
of the trench 100. 

[0024] As shown in Fig. 8, a title angle ion implantation process is 
carried out to dope ions such as boron or phosphorus into 
the silicon nitride layer 30 on the sidewall 11 and the bot- 
tom 13, but not on the silicon nitride layer 30 on the 
sidewall 12. This doping step results in an etching selec- 
tivity between the doped silicon nitride layer 30 on the 
sidewall 11 and the bottom 13 and the doped silicon ni- 
tride layer 30 on the sidewall 12. As shown in Fig. 9, the 
doped silicon nitride layer 30 on the sidewall 11 and the 
bottom 13 is etched away selective to the non-doped sili- 
con nitride layer 30 on the sidewall 12, thereby forming 
the structure II. 

[0025] Structure III 

[0026] please re f er to Fig. 10 to Fig. 12. Fig. 10 to Fig. 12 are 

schematic cross-sectional diagrams illustrating the pre- 
ferred embodiment of making the structure III according 
to the present invention, wherein the cross section as set 
forth in Fig. 10 is the structure I. The method for making 
the structure I has been illustrated through Fig. 2 to Fig. 5. 


As shown in Fig. 10, the method of making the structure III 
starts from the structure I. As mentioned, the structure I 
comprises a substrate 10 having a trench 100 thereon. A 
silicon dioxide layer 20 is formed on the sidewall 12. The 
sidewall 11 and the bottom 13 of the trench 100 are bare 
silicon surfaces. 

[0027] As shown in Fig. 11, a rapid thermal nitridation (RTN) pro- 
cess is carried out to form an RTN silicon nitride layer 40 
on the exposed sidewall 11 and the bottom 13. 

[0028] As shown in Fig. 12, thereafter, the silicon dioxide layer 20 
on the sidewall 12 is selectively etched away using meth- 
ods known in the art such as diluted HF, leaving the sili- 
con nitride layer 40 on the sidewall 11 and the bottom 13 
intact. 

[0029] structure IV 

[0030] please refer to Fig. 13 to Fig. 15. Fig. 13 to Fig. 15 are 

schematic cross-sectional diagrams illustrating the pre- 
ferred embodiment of making the structure IV according 
to the present invention, wherein the cross section as set 
forth in Fig. 13 is the structure II. The method for making 
the structure II has been illustrated through Fig. 6 to Fig. 9. 
As shown in Fig. 13, the method of making the structure IV 
starts from the structure II. As mentioned, the structure II 


comprises a substrate 10 having a trench 100 thereon. 
The trench 100 comprises a sidewall 11, sidewall 12, and 
bottom 13. A silicon nitride layer 30 is formed on the 
sidewall 12. The sidewall 11 and the bottom 13 of the 
trench 100 are exposed bare silicon surfaces. 

[0031] As shown in Fig. 14, a rapid thermal oxidation (RTO) pro- 
cess is carried out togrow an RTO silicon oxide layer 50 
on the exposed bare silicon surfaces: sidewall 11 and bot- 
tom 13 of the trench 100. 

[0032] As shown in Fig. 15, thereafter, the silicon nitride layer 30 
on the sidewall 12 is selectively etched away using meth- 
ods known in the art such as heated phosphoric acid, 
leaving the RTO silicon oxide layer 50 on the sidewall 11 
and the bottom 13 intact. 

[0033] Those skilled in the art will readily observe that numerous 
modifications and alterations of the present invention may 
be made while retaining the teachings of the invention. 
Accordingly, the above disclosure should be construed as 
limited only by the metes and bounds of the appended 
claims. 


